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5. 结合实时视频处理要求，研究了 IOPI 算法的 FPGA 实现。已完成 近邻




























Image zooming plays an important role in the field of image processing. 
Both image resolution adjustment and format conversion need the image 
zooming technique. With the rapid advancement of multimedia and 
integrated circuit, video zooming in arbitrary expansion has been an 
important subject in image processing field. 
Interpolation techniques are always used to realize image zooming. 
Because of the limitations in classical interpolation theory, ringing 
artifacts and edge blurring near edges will be introduced using these 
classical interpolation techniques. Lots of improved methods are proposed 
to enhance edge processing, while only 2k  zooming can be carried out. 
In other words, arbitrary expansion based on edge improvement can’t be 
completed using these methods. 
In order to realize arbitrary expansion based on edge improvement, 
5 parts of research work have been done in this paper: 
1. Image zooming techniques have been reviewed systematically 
including classical image zooming techniques and multi-edge 
detection zooming technique. The relative merits of these 
algorithms have been analyzed in this paper. 
2. Oriented polynomial interpolation algorithm has been researched, 
which can realize arbitrary expansion based on special edge 
processing.  
3. IOPI algorithm (Improved oriented polynomial interpolation 
algorithm) has been proposed in this paper. For FPGA 
implementation, two improvements have been made basing on oriented 
polynomial interpolation algorithm. The first improvement is 
using EDV method (Edge direction vector, proposed by this paper) 













area zoom, approximate Cubic6 interpolation algorithm (proposed 
by this paper) has been used. Approximate Cubic6 interpolation 
algorithm takes advantage of LUT (look-up table) to simplify the 
FPGA implementation.  
4. The evaluation system of zoom algorithm and processed image is 
researched. Analyzing the Matlab emulation results of several zoom 
algorithms, zooming with IOPI algorithm can get the best 
performance. 
5. The design and implementation on XILINX FPGA platform for IOPI 
zooming algorithm has been discussed. The Nearest Neighborhood 
Interpolation and approximate Cubic6 interpolation algorithm have 
been implemented and can be used in real-time video processing. 
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把 RGB 图像转为 YUV 彩色模型，对 Y、U、V 信号分别进行缩放处理， 后把
YUV 模型转换回 RGB 图像送显示。 
第二种方法中的 Y 信号是图像的亮度信号，U、V 信号是图像的色差信号。
我们在 MATLAB 平台上做了一组实验：对同一幅彩色原始图像，采用某一种算
法对 Y 信号进行缩放，而分别采用 6 种不同的算法对 U、V 信号进行缩放，得
到的 6 幅放大倍数相同处理后的图像，从视觉效果来看，几乎不能分辨出 6 幅图
像的差别。可见人眼对色度变化的敏感性很低。 
因此得到结论：采用第二种方法实现彩色数字图像的缩放时，只需采用优秀
































从早期的插值方法，如 近邻域法(nearest neighbor )、双线性内插法( bilinear 
interpolation) (实为一阶样条方法)以及三次内插法及卷积方法等应用到图像缩放
的插值算法都可以归入利用重建方法进行的缩放技术。后续又有 Durand 等，于
1990 年提出将数字图像网点上的像素值插值成 B-样条， 再根据缩放要求重采样
新的网点，构筑成新的数字图像输出[8]。Unser 等人于 1995 年提出将数字图像网
点上的像素值插值成 B 样条曲面，由此再从原始和目标两种图像按误差 小的




行特殊处理[12]。 1998 年，Lee 等给出了高阶样条缩放方法，利用斜投影算子构
造简单快速的图像缩放算法[13]。 1999 年孙庆杰等提出了基于 Bezier 曲面的放大
方法[14]。2000 年，Leu 利用边界分割技术(step edge model)对图像进行放大， 得
到了比 近邻域法和双线性插值更有效的放大效果[15]。 2001 年，Muhoz 等提出
了适用于图像缩小，且计算复杂性不依赖于缩放因子的缩放算法[16]。同年，
Malgouyres 等提出了图像缩放的非线性变分问题数值方法，该算法具有较好的边
界保持功能[17]。 Panda 等提出了图像与信号处理的广义 B 样条插值和逼近技术
(连续建模) [18]。 Sekiwa 利用多神经网络(multi－neural network)， 克服了普通神
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2. 本文的 IOPI 算法是在方向多项式插值算法的基础上，针对它的不足

















第五章研究视频缩放算法的 FPGA 实现和优化。并着重针对 LCD 显示和彩































2( , ) ( , ) ( , )D
k l
s x y s k l h x k y l= − −∑∑                 （2.1.1） 
为了降低计算复杂度，通常把插值函数分解为两个对称一维插值函数的乘
积： 
2 ( , ) ( ) ( )D h x y h x h y=                          （2.1.2） 
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